1. The metabolism of [4-14C]pregnenolone to androst-16-enes has been studied in short-term incubations of boar testis tissue. With fresh tissue androsta-5,16-dien3fl-ol (8%) and 5a-androst-16-en-3fl-ol (2%) were formed. Tissue that had been stored at -20°C was still capable of metabolizing pregnenolone to androsta-5,16-dien-3fl-ol. 2. NADPH was essential for the formation of androsta-5,16-dien-3fl-ol from pregnenolone; NADH had less activity and ATP was not necessary for the reaction. 3. [4-14C]Androsta-5,16-dien-3f-ol, prepared biosynthetically from [4-14C]pregnenolone, was shown to be converted by boar testis preparations into androsta-4,16-dien-3-one (31%) ifNAD+ was present or into 50c-androst-16-en-3fl-ol (4%) if NADPH was present. 4. 17a-Hydroxyandrost-4-en-3-one and 3,B,170-dihydroxypregn-5-en-20-one were considered as possible precursors for androst-16-ene formation, but both were shown to be ineffective. 5. No radioactivity was incorporated into androst-5-en-3fl-ol used to trap any corresponding 14C-labelled compound formed from [4-14C]pregnenolone.
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The biosynthesis of androst-16-enes in vitro from progesterone* and pregnenolone by boar testis tissue has been described in earlier papers (Gower & Ahmad, 1967; Ahmad & Gower, 1968; Katkov & Gower, 1968; Gower & Katkov, 1969a) . Using isotopically labelled compounds these workers have shown that androst-16-enes are forned in relatively large quantities from these precursors, but not from testosterone, testosterone acetate, 20.dione, A double-isotope experiment using [4-14C]_ pregnenolone and [7a-3H]progesterone (Ahmad & Gower, 1968) indicated that both compounds were of equal importance in forming an-oc and an-fl, but that androstadienone was formed in larger yields from pregnenolone than from progesterone. This led Ahmad & Gower (1968) to postulate andien-.f as an intermediate in the formation of androstadienone from pregnenolone.
* Abbreviations: pregnenolone, 3, progesterone, 3, B, DHA, dehydroepiandrosterone, 3, testosterone, 17,  epitestosterone, 1 7a-hydroxyandrost-4-en-3-one; ae-oc, 5B,-androst-16-en3a-ol; an-a, 5oc-androst-16-en-3ac-ol; an-,B, 5a-androst-16-en-3,B-ol; andien-,B, androsta-5,16-dien-3,p-ol; androstadienone, androsta-4,16-dien-3-one.
The experiments described here were therefore designed to provide a greater insight into the pathway of 16-dehydro steroid formation from C21 precursors. Andien-.f has been isolated and the cofactor requirements for its biosynthesis and further metabolism have been investigated. Some of these results have appeared in a preliminary communication (Gower & Katkov, 1969a) . In order to facilitate these and future investigations, methods of incubation and isolation of radioactive steroids have been simplified and new methods have been developed which complement the earlier techniques used in this laboratory.
It has been observed that C19 compounds with a 17a-hydroxyl group are more easily dehydrated than the corresponding 17fl-isomers (Miescher & Kdgi, 1949) , and it seemed possible that epitestosterone might undergo dehydration to androstadienone. Accordingly this compound was tested as a precursor of 16-dehydro steroids. Similarly an experiment using 17a-hydroxypregnenolone, an intermediate in the biosynthesis of C19 androgens (Slaunwhite & Burgett, 1965) , was designed in order to find out whether it also serves as a precursor of androst-16-enes.
To investigate the possibility ofenzymic dehydrogenation at C-16 and C-17 an experiment was performed in which excess of unlabelled carrier androst-5-en-3fl-ol was used to trap any correspond- Gower & Ahmad (1967) .
(a) Incubation of tissue homogenate. This was carried out in a medium of 5OmM-tris-HCl buffer, pH7.4, containing radioactive steroid precursors and relevant cofactors. Test tubes containing the medium (2 ml) were preincubated for 5min at 380C in a metabolic shaker. The incubation was started by the addition of a suitable portion of homogenate (50-200,ul) .
(b) Incubation of minced tissue. This was carried out as described by Gower & Ahmad (1967) .
The incubations were terminated by the addition of ethyl acetate (2 ml) and carrier steroids.
I8olation of androst-16-enes after incubation. Steroids were extracted from the incubation medium into ethyl acetate (4 x 2 ml). Extracts of incubations in which more than 1 mg of boar testis protein was used were subjected to chromatography on alumina columns to remove extracted lipids, and a fraction containing androst-16-enes was collected (fractions I-III; Gower & Haslewood, 1961) . This fraction was subjected to t.l.c. first on a conventional thin-layer plate (developed in benzene-ether, 4:1, v/v) and secondly on an AgNO3-impregnated plate (see below)
to separate the androst-16-enes.
After elution from the second thin-layer plate the radioactivity and mass of steroid were measured and the loss in carrier steroid was used to correct for analytical losses. When less than 1 mg of boar testis protein was incubated the column-chromatographic step was omitted. For confirmation of authenticity, andien-fi obtained by these methods was subjected to column chromatography on AgNO3-impregnated silicic acid (see below).
Chromatography on 8ilicic acid impregnated with 8ilver nitrate. It is not possible to achieve separation of andien-P from an-,B by using the t.l.c. and alumina-column-chromatographic methods described previously (Gower & Ahmad, 1967; Ahmad & Gower, 1968) . In the present experiments we have used AgNO3-impregnated silicic acid for both t.l.c. and column chromatography to separate the two compounds.
(a) Thin-layer chromatography. T.l.c. on AgNO3-impregnated silica gel G was performed as described by Lisboa & Palmer (1967) , except that plates were developed in benzene-ethyl acetate (1:2, v/v). In this system RF values were as follows: ae-a, 0.10; andien-,f, 0.17; an-a, 0.22; an-fl, 0.28; androstadienone, 0.30; oestra-1,3,5(10),16-tetraen-3-ol, 0.45; pregnenolone, 0.47; cholesterol, 0.55; progesterone, 0.58; androst-5-en-3,B-ol, 0.63. After location by radioautography, steroids were recovered from the plates by sucking the relevant zone into a small sintered-glass filter. The powder was shaken into a test tube containing water (1.5ml) and 2M-NaOH (0.5ml), and the mixture was extracted with diethyl ether (3 x 2ml). The position of authentic markers remaining on the plate was then detected with Allen reagent (Allen, Haywood & Pinto, 1950) .
(b) Column chromatography. This was performed with Kieselgel H (E. Merck A.-G., Darmstadt, Germany) impregnated with AgNO3. The gel was mixed with 10% (w/v) AgNO3 solution in the ratio 1:2 (w/v) and dried at 1200C overnight. It was then ground to a fine powder and passed through a sieve (200 mesh; Gallenkamp Ltd.). This preparation was stored over P205 in the dark and was reactivated by heating at 1800C for 1 h immediately before use. The columns were prepared as follows: a glass column (internal diam. 1 cm) was filled with hexane and 1 g of alumina poured into it followed by 3 g of the impregnated gel. The alumina provided a level base that did not retard androst-16-enes under the elution conditions used and also served as an adsorbent for AgNO3 displaced from the upper layer of silicic acid.
A small quantity of sand was poured on top of the silica gel to prevent disturbance of the column by addition of solvents. To obtain a flow rate of 1 ml/min the column was subjected to a positive pressure of 10-20mmHg. The steroids were applied in benzene solution (1 ml) and eluted successively with 60ml of benzene-ethyl acetate (2:1, v/v) and 40 ml of benzene-ethyl acetate-ethanol (40: 20:1, by vol.). Agoodseparation ofan-,8 and andien-,B was obtained by this method (Fig. 1) . A preliminary report of this method has been given (Gower, Daly, Snodgrass & Stern, 1970a) .
RESULTS
Metaboli8m of pregnenolone to andien-fi and an-Pf. 1970 534 corrected for analytical losses, were 8% and 2% respectively. For final confirmation of the identity of radioactive andien-,B, a portion was subjected to column chromatography on silver nitrateimpregnated silicic acid. The radioactivity and mass of carrier steroid in 1 ml fractions of eluate were measured. Fig. 1 shows that the radioactivity and mass peaks for the eluted andien-fi coincide and the constancy of specific radioactivity over the peak indicates radiochemical purity.
Investigation of NADH, NADPH and ATP as cofactors for the formation of andien-fi from pregnenolone. Portions of a homogenate of boar testis, each containing 200,ug of protein, were incubated with the various cofactors shown in Table 1 Weights (0) of an-, (I) and andien-,B (II) added as carriers were determined by g.l.c., and radioactivity (e) by liquid-scintillation counting; A, specific radioactivity.
[4-14C]pregnenolone (550000 d.p.m.) for lOmin, and andien-,B was isolated from each incubation mixture. The results, summarized in Table 1 , show that NADPH is the most active cofactor in promoting the synthesis of andien-f. An incubation with testis tissue that had been boiled for 1 min and then cooled was performed under exactly the same conditions. Likewise a control experiment was carried out in the absence of tissue to investigate non-enzymic breakdown of the substrate during the incubation. In neither experiment was radioactive andien-f formed. Table 2 . Less than 1% of the tritium incubated was found in the zones corresponding to the three androst-16-enes, whereas the conversion of pregnenolone into androstenols and androstadienone, when corrected for analytical losses, was found to be 13.7 and 1.9% respectively, in agreement with earlier experiments (Gower & Ahmad, 1967) . As much as 96% of the tritium incubated was recovered in the zone corresponding to marker epitestosterone from both experimental and control incubations. 1 7ae-Hydroxypregnenolone as a precursor for andien-fi. A portion of boar testis homogenate (100lg of protein) was incubated with [4_14C]_ pregnenolone, 17a -hydroxy[7a -3H]pregnenolone and NADPH (0.4mM) for 10min. Andien-,B and an-,B were isolated on two successive thin-layer plates. Table 3 shows that the 3H/14C ratio fell rapidly during isolation of andien-fl, indicating that this compound had been formed from pregnenolone as expected, but that no tritiated compound had been synthesized.
Androst-5-en-3*-ol as an intermediate in the formation of andien-f. A portion of boar testis homogenate (100,ug of protein) was incubated in a medium containing excess of unlabelled carrier androst-5-en-3,B-ol (20,ug) , [4-4C] pregnenolone (600000 d.p.m.), NADPH (0.4mM) and propylene glycol (0.lml) for 10min. A control experiment was performed in identical fashion but in the absence of trapping steroid. Andien-B and androst-5-en-3,B-ol were isolated by t.l.c. Andien-P was formed as expected (4.5 and 4.7% in experimental and control incubations respectively) but only traces of radioactivity (0.20 and 0.22%) were present in androst-5-en-3fl-ol, indicating that the unlabelled steroid had not trapped radioactive androst-5-en3fl-ol. DISCUSSION Ahmad & Gower (1968) showed that androst-16-enes are formed from progesterone in boar testis preparations without prior hydroxylation at C-17, a process considered to be essential for the formation of the Cl9 androgens. Although pregnenolone had previously been shown to be an effective precursor of androst-16-enes (Gower & Ahmad, 1967) , it was conceivable that 17a-hydroxypregnenolone was an intermediate. The present experiments, however, have now excluded this possibility (Table 3) . Testosterone acetate, also postulated as an intermediate between progesterone and A'6-steroids (Ahmad & Gower, 1968) in view of its role in microorganisms (Carlstr6m, 1967) , has now been excluded (Gower & Katkov, 1969b) . (600,ug) was incubated with the steroid precursors for 30min in 50mM-tris-HCl buffer, pH7.4, at 38°C. The steroids were extracted and subjected to t.l.c. in benzene-ether (4:1, v/v) (Miescher & K'agi, 1949) , did not yield androst-16-enes when incubated with a boar testis homogenate in the present experiments ( Table 2 ).
The formation of androst-16-enes only from C21 steroid precursors with boar testicular preparations is in accord with results obtained in human subjects in vivo and with human adrenal tissue in vitro. Experiments in which radioactive testosterone (Ahmad & Morse, 1965) , DHA (Bulbrook, Thomas & Brooksbank, 1963) and epitestosterone (Wilson & Lipsett, 1966) were administered to human subjects resulted in minute amounts of radioactive an-oc being isolated from the urine subsequently. Minces of adrenocortical carcinoma synthesized andien-.f only from pregnenolone, and not from testosterone I or DHA (Gower & Stern, 1969) , and more recently an adrenocortical carcinoma from a female infant was found to synthesize andien-f from pregnenolone (Gower et al. 1970a ).
The actual mechanism by which androst-16-enes are formed from 021 precursors is still not clear.
When unlabelled androst-5-en-3fl-ol was incubated in the presence of radioactive pregnenolone and a boar testis homogenate, the androst-5-en-3ft-ol subsequently isolated was found to be devoid of radioactivity. Labelled andien-fl, however, was formed in the expected yield. This suggests that andien-f, was not formed by dehydrogenation of androst-5-en-3fl-ol as a sequel to side-chain cleavage of pregnenolone. Previous experiments (Ahmad & Gower, 1968) That two pathways may exist for the formation of androstadienone from pregnenolone was postulated by Ahmad & Gower (1968) on the basis of experiments in which tenfold more androstadienone was formed from pregnenolone than from progesterone. One pathway was thought to be: pregnenolone --andien-f -+ androstadienone. The present results suggest that this pathway is of primary importance. Pregnenolone is converted into andien-fi (by some as yet unknown mechanism) and this compound can be further metabolized in vitro to androstadienone if NAD+ is present or to an-f if NADPH is present. The similar but rather small yields of an-f obtained when pregnenolone and andien-,B were incubated under optimum conditions indicate that no reduction at C-5 occurs before side-chain cleavage and that reduction of andien-f, is a rate-limiting step in the pathway.
The second suggested pathway was: pregnenolone --progesterone -* androstadienone, but the fact that little androstadienone is obtained from progesterone (Ahmad & Gower, 1968) suggests that this pathway is unimportant.
As conversion of A4 into A5 steroids may occur in vitro (Gower et al. 1970a; Ward & Engel, 1964 , 1966a it seems possible that the biosynthetic sequence progesterone -+ pregnenolone --andien--androstadienone could provide an explanation for the formation of small quantities of androstadienone. However, in the present experiments no andien-f was formed from progesterone, indicating that this pathway is also unimportant. Scheme 1 summarizes our present knowledge of the biosynthesis of androst-16-enes in boar testis in vitro.
The situation in vivo is uncertain. However, the fact that only traces of andien-fl sulphate occur in boar spermatic-venous blood could mean that this compound, once formed from pregnenolone in the testis, is rapidly converted into an-a and an-f,, which were found in much greater quantities (Gower, Harrison, Heap & Patterson, 1970b) . Experiments in vivo in normal human male subjects (Brooksbank & Wilson, 1969) have suggested that urinary andien-f is formed from pregnenolone peripherally, but that the bulk of urinary an-oc is not derived from andien-f.
